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SFT Energy 2

CALIBRATION

Introduction

The determination of the energy of an electron or photon using the
SFT information is described in the memo “SFT Energy 1”. Using the
emulsion modules as passive converters, the SFT hits and pulse height
are used as the energy sampling detector as in standard calorimetry. The
“SFT Energy 1” Monte Carlo simulations were used to form a first
calibration in response to electron showers generated at various energies,
with both transverse and longitudinal development parametrized for the
system. In this memo, we use neutrino interaction data, from events
selected to have well-defined and relatively isolated showers in the SFT
and calorimeter.

Procedure

1) Events are selected using the requirements:
2) A well-defined SFT shower, isolated in at least u or v
3) An interaction vertex in Module 2 or 3
4) A separated  calorimeter cluster with the shower axis or electron

SFT track
5) At least 5 GeV of cluster energy

From Periods 3 and 4, ten events were selected with a vertex in Module
2 and five events were selected from Module 3.  Module 4 vertices are
rejected from this analysis as there is no shower development in the
SFT, and almost all the energy is recorded in the calorimeter. Module 1
vertices are rejected for the opposite reason: very little energy remains in
the calorimeter.

The calibration check of the energy using the SFT information
alone, ESFT, with the calorimeter energy, Ecal, consists of correcting Ecal

for losses in the emulsion targets and comparing the two, independent,
results. In practice, one would add ESFT to Ecal to get the best results. The
“calibration” procedure used in “SFT Energy 1” used only 1 to 20 GeV
electrons, beginning in Module 1. Therefore little energy remains in the
calorimeter, and adding Ecal is a small correction. In the sample taken
from data, where electron identification must be clear, the energies can
be much larger, so ESFT will underestimate the energy except for the
lowest energy data.

Algorithms for Energy Calculation

The procedures adopted, in part, from the “SFT Energy 1” memo
are reiterated here and expanded to include information from shower
development. The outline for the calcuation is :

1) Get the calorimeter cluster positions for Eclus> 2 GeV
2) Form the vector connecting cluster position and vertex position
3) Get an estimate of the initial electron energy from cluster energy
4) Determine the width of the “road” in the SFTs for summing hits
5) Sum all the hits in the SFT(u,v) in along this road by stations
6) Calculate the energy estimate using SFT data
7) Calculate the total estimated initial energy adding cluster energy

Step 3) is given as :
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The 90% CL in this estimate is given as :
E x90 0 055 0 066= +. .

where x is the fractional radiation length from the vertex to the calorim-
eter, and depends on data Period. It assumes a radiation length of 3.3 cm
for all E/B targets, 2.4 cm for ECC200 targets, and 3.5 cm for the bulk
target. The value of x also includes the 1X0 lead sheets downstream of
the targets.

Step 4) is given as :
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Step 6) is given as :
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where pn  is the summed pulse height for relative station n, within the
road determined from the previous steps. The relative station is defined
as the station minus the station where the vertex is located. The pn are

normalized to a mip in the SFT or 1620 counts. To incorporate the

if(E4 = 0)
if(E3 > 0)

ESFT = (E2+E3)/2
else

ESFT = E2

end if
else

if(E2 < (E3+E4)*0.3 )
if(E3 < E4*0.6)

ESFT = E4

else
ESFT = (E3+E4)/2

end if
else

ESFT = (E2+E3+E4)/3.
end if

end if

Box 1.  The algorithm for computing SFT energy from data in the
four possible stations.

shower development, the following procedure in Box 1 was used.
To see how the flow of the procedure works, assume an interaction with
an electron track is located in Station 1 (most upstream). The informa-
tion from the first station is ingored, as there is little shower develop-
ment. If there is no information in the last station, 4, then just use the
average of energy values derived from stations 2 and 3. Note that in the
case of full shower development ( Station 4 has shower information), the
energy assignment depends on where the maximum of the shower is
located.

Results

Part A

From the results of data, whose distributions are shown in Appendix
A, the SFT response, as modelled in the Monte Carlo, is described in
terms of the parameters, pn,to reproduce the initial energy of the elec-
tron. In the MC this reproduction of energy has a width of 17%. The
parameters are determined specifically for energies < 15 GeV, since for
higher energies, there is significant leakage of energy from the SFT
system alone (keep in mind the events are generated at z=0). At higher
initial energies, the calorimeter energy needs to be added to the SFT
estimate. So, in this way, the SFT response is “calibrated” in energy, and
represents a lower limit in the resolution to the response of the SFTs. Of
course the MC includes effects such as shower development fluctuations
and pulse height distributions (as determined from Reinhard’s anaysis),
but it cannot describe all possible sources of noise including random hits
and superposed tracks.

Part B

The best calibration procedure would use an understood beam of
electrons in the spectrometer, but this is not possible. It is possible to
collect a set of events, neutrino interactions, which include identified
electrons. We assume for the results, that the contamination of the
electrons is negligible and that the calorimeter response is uniform and
energy-calibrated.

The cluster energy for the electron is assumed to be properly associ-
ated, but will need to be corrected for energy that is absorbed or lost
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before reaching the calorimeter. This process is well understood in the
MC data. However it does introduce another smearing effect, which
grows worse at greater depth (in radiation lengths) and lower initial
energy. The width of the calorimeter response for 20 GeV electrons is
25% at 3X0, but is more than 45% at 6X0, and at larger depths, past
shower maximum, the response is not symmetric and there is a signifi-
cant probability that no calorimeter energy is recorded. Therefore, the
measured resolution from Module 2 data will be much worse than
Module 3 data, since the calorimeter corrected response is so broad.
Nevertheless, this data can provide a calibration in the sense of the mean
of the response.  The measured width or resolution will be an overesti-
mate of the true value.

The data in Table 1 demonstrate that the width of the response is
much worse for Module 2 data compared to Module 3 data (45% vs.
18% which is near the lower limit predicted from the MC “calibration”).
Another feature displayed in the data is that, on average, more energy is
recorded in the calorimeter than in the SFTs for Module 3 data, and the
reverse for Module 2 data. The data in Module 3 have depths ranging
3.1 < X/X0 < 5.6 and for Module 2 the range is 5.6 <  X/X0 < 7.1 . Except
for the highest energy electrons, the depth for Module 2 data is beyond
shower maximum, and relatively poor.

Event 3024-30175

The electron track is unambiguous in its identity, and is well iso-
lated since there are only 3 charged tracks in this event. The number of
hits agree in number in both views. There is no corresponding energy in
the calorimeter (<0.5 GeV), which is not unusual for a shower of this
energy and depth. The expected energy resolution is σE /E = 0.20 (or
0.33 for 90% CL). As the decay angle is 0.093, the estimated pT using
the SFT/Cal energy is 830±290 MeV/c.
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2 3 41 41 430.0+ 97.6 2.3±9.8 5.0< 6.8< 2.3±9.8

Table 2. Parameters and estimates of energy for the electron in event
3024-30175.

Event 3333-17665

The electron is not identified in the emulsion as such, but the track
is aligned with a well-defined shower in the SFT as well as pointing to a
cluster in the calorimeter. This cluster alone has an energy of 4.8 GeV,
and there are two other blocks probably associated with this electron
(another 1 GeV). The decay angle is 0.013, so using the SFT/Cal energy
estimate, pT = 390±70 MeV/c.
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0 72 13 35 472.0 2.7 1.5±5.52 8.4 0.42 2.5±3.03

Table 3. Parameters and estimates of energy for the electron in event
3333-17665.
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Figure 1  The number of SFT hits for Monte Carlo 3 GeV electrons
originating at z=0 for the four detector stations

Figure 2  The number of SFT hits for Monte Carlo 5 GeV electrons
originating at z=0 for the four detector stations
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Figure 3  The number of SFT hits for Monte Carlo 8 GeV electrons
originating at z=0 for the four detector stations

Figure 4  The estimated energy, E
SFT

, for 3, 5, and 8 GeV electrons
incident on  Module 1 .
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Table 1. Selected electron data from Period 3 or 4 with a vertex
located in Module 3 (top) and Module 2 (bottom).

nuR tnevE E
TFS

E
lac

E
lac

)tse( E
TFS

E+
lac

∆E ∆ E/E
lac

)tse(

2023 2528 3.42 4.74 5.32±9.87 7.17 2.7 90.0

3223 83114 8.23 4.82 1.12±2.75 2.16 0.4- 70.0-

2323 53681 6.91 2.33 5.41±5.35 8.25 7.0 10.0

8723 25771 6.91 3.05 6.22±5.08 9.96 6.01 31.0

9533 8308 5.52 2.31 0.01±2.82 7.83 5.01- 73.0-

nuR tnevE E
TFS

E
lac

E
lac

)tse( E
TFS

E+
lac

∆E ∆ E/E
lac

)tse(

9503 4821 8.22 5.32 2.06 3.64 9.31 32.0

2603 30901 4.91 0.31 1.24 4.23 7.9 32.0

3113 35572 4.3 8.81 8.41 2.22 4.7- 05.0-

0313 46882 1.8 1.71 1.23 2.52 9.6 12.0

2023 8866 2.8 2.83 4.32 4.64 0.32 89.0

0423 8119 5.54 0.54 .631 5.09 5.54 33.0

5423 79852 7.42 7.54 .031 4.07 6.95 54.0

8923 21771 0.82 4.7 7.22 4.53 7.21- 65.0-

9923 9259 1.83 7.62 9.17 8.46 1.7 01.0

5133 99171 3.32 4.31 7.33 7.63 0.3- 90.0-
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Figure 5.  The data from Table 1, the estimated total energy as a
function of the corrected calorimeter energy, E

cal
. The data from

Module 3 are circled.
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APPENDIX A

Monte Carlo SFT and Calorimeter Distributions

Someof the parameterizations in this memo are derived from Monte
Carlo data generated and analyzed in a previous memo, and here we
reproduce the distributions for completeness. The electrons were gener-
ated at z=0 and with px,y=0. The energy deposited in the calorimeter from
many sets of mono-energetic electrons was recorded as well as the
number of hits and pulse heights in the SFTs.
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Figure A1.  Functional approximations to the number of e+/ e- in an
electromagnetic shower versus radiation length. (Continued on
following page).
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Figure A3.   Calorimeter energy as a function of depth for various
initial energies.
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Figure A6.  The estimated initial electron energy for MC data using
the algorithm described in the text. Only SFT data is used except for
one point which had significant energy in the calorimeter (greem
triangle).

Figure A7.  The difference, Eest - EMC, using the same algorithm as
Figure A6. The leftmost datum corresponds to the low point in the
above plot and was not included in the statistics.
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